Abstract: Reuse of patterns is a self-evident approach for managing interoperability concerns. Although patterns for resolving interoperability barriers exist in the literature, no study exists on adoption of interoperability patterns by Geographic Information Systems (GIS) practitioners in industry. Thus there is limited understanding of pattern re-usability, yet the advantages offered by interoperability patterns provide a reasonably sound justification for their usage. This paper examines the adoption of proven interoperability best practices in the GIS industry. An empirical study that involved the use of semi-structured interviews was employed to gather data from GIS developers on domain interoperability best practices. Results indicated that industry and communities of practice have been converging on the technical level to ensure interoperability of GIS concerns. Semantic interoperability and related patterns are least understood, yet semantic barriers still exist. This is partly due to the complexity associated with the top-down approach used to develop semantic interoperability solutions. Therefore, this study proposes research into resolving barriers in the adoption of interoperability patterns that reduce complexity while solving semantic interoperability barriers.
pattern [22] ), data model patterns (selected parts) or a small named collection of semantic patterns such 119 as ODPs that have been suggested as re-usable solutions for semantic interoperability barriers [13, 23] . 
Research Methodology

126
The methodology is divided into two parts i.e data collection procedure and data analysis. In this 127 section, we address three research questions:
128
• RQ1: What GIS interoperability scenarios/requirements exist?
129
• RQ2: How useful are interoperability patterns in managing GIS concerns?
130
• RQ3: Are there any other new emerging interoperability best practices? 
Data Collection Procedure
132
To identify interoperability scenarios and corresponding best practices, case study assessments
133
were undertaken on eight data points representing multinational GIS industry organizations. Each of 134 these organisations has multiple GIS software packages and projects in different countries. Snowball 135 sampling was done to identify respondents from these organisation to provide a global view of the 136 different projects and products i.e skilled GIS developers with 10 and more years of experience. An 137 empirical study that involved the use of semi-structured interviews was employed to gather data from 138 respondents on interoperability practices based on different projects and products delivered within 139 the organisation. For confidentiality purposes, aliases R1, R2, R3, R4, R5, R6, R7, and R8 are used to researchers reviewed the examined theme ideas of the interview material and how they relate with 164 each other as regards to GIS interoperability best practices(both patterns and other practices). 
Results
166
This section presents results with respect to the research questions in section 3. Figure 1 shows the nature GIS systems, evolution and thus the need for interoperability in industry.
169
The requirement for interoperability and system accessibility increases from desktop to cloud GIS which are driven by business assets rather than client requirements. In addition, interoperability APIs,
181
Service-API/ service-database integration, security and mechanisms to guarantee availability are most 182 desirable requirements of an interoperating GIS. These scenarios and requirements indicate that there 183 is an adoption of mechanisms in the ecosystem for managing technical interoperability barriers. On the 184 other hand, semantic driven scenarios exist but were less understood and with lower adoption. This is Table 1 . Existing and desired interoperability scenarios.
Interoperability scenario Respondents Existing scenario 1-Bottom-up driven interoperability API 37.5% 2-Top-down driven interoperability API 0% 3-Direct data access and integration 62.5% 4-Using standards e.g OGC/ISO TC211 100% 5-Using common data model constructs 75% 6-Using standardized web services e.g OGC WMS 100% 7-Use of ontology and semantic technologies 37.5% Desired scenario and requirements 1-Interoperability via API 50% 2-Service to service/API integration 37.5% 3-Service to database integration where the target system does not provide suitable services or interoperability API.
37.5% 4-Security and mechanisms to guarantee service and data availability 100% 5-Need to ensure data validity and integrity of interoperated data 12.5% 6 -Existence of documented interoperability best practices 12.5% Why interoperability? 1-To allow the functionality of GIS Software to be extended to support user requirements that are complementary to the application domain. 100% 2-To integrate and /or consume data/services/functionality of complimentary systems. 100% 3-Need for improved efficiency 12.5%
tasks to be performed. Secondly, the top-down approach to ontology development requires a steep 188 learning curve for practitioners in the domain due to abstract notions associated with ontologies.
189
Bridging these gaps with patterns/proven best practices (as indicated in Table 1 ) could go a long way 190 towards furthering the adoption of semantic technologies among non-academics and domain experts.
191 Figure 1 shows a high adoption of GIS on the web which presents an opportunity for GIS to
192
leverage Geospatial semantic web research and technologies for interoperability. Finally, results
193
indicate the need to ensure data validity and integrity of interoperated data. This section provides a list of patterns preferred for leveraging interoperability for Geographic 196 information systems as evaluated by respondents (see Table 2 ). The responses are coded as very useful Results also indicate that there exist anti-patterns for data integration and discovery in industry.
224
For instance, 37.5% of respondents recommended the use of an aggregated view to integrate data and Patterns play a crucial role in managing interoperability barriers and concerns in GIScience.
299
In this study, we investigate interoperability scenarios/requirements in industry and usefulness 300 of proven interoperability best practices for managing these requirements in the GIS. 
